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ABSTRACT 
Airborne gamma-ray spectrometer data of the Shoal water Bay area, Queensland are 
classified by using a minimum distance classification technique. This was a supervised 
classification with the means only being migrated once. Principal component analysis of the 
spectrometer data resulted in the production of radiometric spatial boundaries. The 
classification result and radiometric spatial boundaries were then interpreted by comparison 
with geology and soils maps, a vegetation map derived from satellite imagery and a digital 
elevation model. 
The classification was found to effectively group the gamma-ray spectrometer data and the 
boundary analysis produced highly interpretable results. Spatial associations of the resulting 
data were best when compared to vegetation and surficial geology. 
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1 INTRODUCTION 
1.1 OBJECTIVES 
In recent years image processing techniques which were originally designed for satellite 
imagery enhancement have been applied to the analysis of geophysical and geochemical data. 
With this technology many new methods of processing geophysical data have been 
developed and this paper describes methodologies for processing airborne gamma-rc!,y 
spectrometer data for use in mapping the surficial layer of the regolith. 
The principal objectives of this paper are to: 
1. Determine if the minimum distance classification technique can produce results 
which are applicable to the mapping of surficial regolith spatial patterns and associations. 
2. Determine the types of data sets required to map spatial regolith characteristics 
from within an image processing/ geographic information system. 
1.2 THE SHOALWATERBAY AREA 
The Shoal water Bay area is the area to the north-east of Rockhampton (Queensland, 
Australia) which is mapped in the 1 :250 000 Port Clinton map sheet SF56/9 international 
index. It is bounded by latitudes 22°S and 23°S and by longitudes 150°E and 151 °30'E. A 
location map can be seen in figure 1. 
The sheet area was geologically mapped by the Geological Survey of Queensland and the 
Bureau of Mineral Resources in 1965 and 1966 (Murray 1975). The area has also been 
surveyed using the Land Systems (Richardson et al. 1972) and PUCE Terrain Analysis 
(Grant et al.1978) systems to provide an inventory of the natural resources for application in 
land u~e planning. 
The geomorphology of the area was outlined by Murray (1975) and a map of the major units 
is shown in figure 2. In his description the area is divided into six geomorphic units: 
1. Mountains and Ranges - land of elevation greater than 460 metres. In the 
granite ranges to the west of Byfield the highest part (>620 metres) appears to be a remnant 
of a pediplained surface. Streams are deeply incised. The area between the Normanby . 
Range and Mount Phipps is made of granite and dipping volcanic rocks. 
2. Areas of moderate relief - land of elevation between 155 and 460 metres 
above sea level and comprised mainly of resistant rocks such as chert and serpentinite. 
Laterite capping on the serpentinite has been eroded in the south-west of the sheet. 
3. Areas of low relief - land of elevation between 30 and 90 metres with 
resistant rocks and hills up to 155 metres. It is a well developed lower erosion surface on 
sandstone and mudstone in the Shoalwater Bay region and on granite to the west of 
Normanby Range. 
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4. Pediment alluvium - alluvial plains drained by the Herbert, Alligator and 
W erribee creeks. 
5. Coastal deposits - with a recent emergence of about 3 metres a coastal 
depositional plain has been exposed. Holocene marine shells have been recorded in its 
surface. 
6. Sand dunes - extend along the coast from Water Park Point, north to the 
Peninsula Range. Some crests are higher than 150 metres. 
Fergusson et al. ( 1990) conducted a study on the structural history of the geology in the area. 
1.3 IIlSTORY 
This brief history of the Shoalwater Bay area is based on that by Richardson (1972). The 
first recorded discoveries in the Shoalwater Bay area were made by Captain James Cook. 
His east coast voyage of 1770 aboard the 'Endeavour' resulted in the discovery and naming of 
Cape Manifold, Cape Townsend, Shoalwater Bay and the Hervey Islands. Matthew Flinders 
spent some time in the area in 1802, while circumnavigating Australia in the 'Investigator' 
and named Mount Westall and Cape Clinton. Flinders remapped the Cape Townsend area to 
find that it was in fact two islands. He named them Townsend Island and Leicester Island, 
and also named the Strong Tide Passage separating them from the mainland. 
Gold has been discovered in the Shoalwater Bay area but there have been no major finds 
reported. A major deposit of magnesite was located recently near Kunwarara in the 
south-west of the Port Clinton sheet and the deposit is already being mined and then 
processed at a plant located in North Rockhampton. The sand dunes of the eastern coastal 
area possess heavy metals which are still not being mined at this time. The major use of the 
area in the past has been cattle grazing and timber extraction. 
The Shoal water Bay Training Area (SWBT A) was acquired by the Army for a military 
training area in 1965. The last leaseholders moved out in 1966. The SWBTA occupies the 
major part of the Port Clinton map sheet ( over 2700 km2) except for narrow bands in the 
west and in the south. At present the military training area has restricted access. 
1.4 DATA 
To analyse the regolith in the Shoal water Bay area airborne gamma-ray spectrometer data 
were used. This remotely sensed data has been used by geophysicists to map structural and 
lithological spatial patterns which are based on radio element differences in the different 
geologies. Trace quantities of radioactive materials are found in all rocks and soils and the 
emission of this radiation combined with very small amounts of cosmic radiation produce a 
continuous background reading which is sampled by an airborne detecting device. 
A typical gamma-ray spectrum, as recorded by a sodium iodide crystal in an airborne survey, 
is shown in figure 3. The data in this spectrum was gathered at an altitude of 150 metres 
above the terrain. The windo\vs generally used in such surveys are centred on 1.46 Me V 
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(potassium), 1.76 MeV (uranium) and 2.62 MeV (thorium) . Another broad-band window is 
normally recorded (total count) which encompasses the other three windows. 
Some of the more common radioactive minerals are listed in Table 1 ( after Telford et 
a/. 1976). In general, the activity in sedimentary rocks and metamorphosed sediments is 
higher than that in igneous and other metamorphic types, with the exception of 
potassium-rich granites. 
In -addition to the above spectrometer data, four other data sets were employed for _ 
comparison and interpretation purposes. The first of these was the digitised geology of the 
1:250 000 Port Clinton sheet (after Murray 1975). The second data set was the digitised soils 
map derived from the 1:2 000 000 Australian Resource Series maps (after Isbell et al.1967). 
A classified vegetation image derived from Landsat 2 MSS data was also used. This is an 
unpublished image produced by B.R. Tunstall, CSIRO Division of Water Resources, 
Canberra. The fourth data set used was a digital elevation model of the area produced by the 
National Resource Information Centre ( NRIC ), Canberra. 
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2 METHODS 
This section describes the methods employed and techniques developed to derive imaged 
data sets from remotely sensed gamma-ray spectra measurements. These images are then 
interpreted by correlation with other maps of the regolith. Included in the section is some 
basic theory of some of the processes. 
2.1 REFORMATTING AIRBORNE RADIOMETRIC DATA 
The airborne gamma-ray and magnetic data were obtained from the Bureau of Mineral 
Resources, Geology and Geophysics (BMR) in their ARGUS archive format on 9 track 1600 
bpi magnetic tape. The tape was identified as project P514 for the 1 :250 000 map sheet Port 
Clinton. 
The data are the result of flying on east-west survey over the Port Clinton map sheet area 
with a flight line spacing of approximately 1.6 km at a mean altitude of 150 metres. 
Radiometric readings of total count, eU, eTh and ¾K as well as magnetic readings were 
measured about every 50 metres along the flight lines. These measures were digitally 
recorded, compiled and corrected by the BMR. A plot of the flight lines can be seen in 
figure 4. 
Whilst the data were in the ARGUS archive format they could not be processed by the 
available computing systems and software. CRA Australia reprocessed the data tape and 
produced a located input file; that is, a flat ASCII file of the form XYZ for each channel 
where X and Y are longitude and latitude, and Z is the value of the data of interest at that 
point. Once the data were in this form they could easily be processed. 
2.2 RASTERISING THE AIRBORNE RADIOMETRIC DATA 
Once the BMR survey data had been reprocessed into a located data file of ASCII columns it 
could then be rasterised by a gridding package. Each of the four radio element data sets 
(total count, eU, eTh and ¾K) and the magnetic data set were grided. The gridding process 
is applied to each data set to produce a surface raster which can be visualised with the use of 
an image processing system. 
The gridding package used for this data was Splin2h which is a product of CSIRO, Australia. 
Hutchinson ( 1989) developed the package to produce hydrologically sound digital elevation 
models. At the time the images were gridded, it was the only package available and it was 
found to be suitable if certain program parameters were adjusted correctly. 
Splin2h uses a biquadratic spline as a surface fitting routine. The program was adjusted so 
its operation approached minimum curvature. The minimum curvature technique is where 
each cell in the grid is examined in relation to its immediate neighbours and the value of the 
cell is changed based on the value of the neighbours. 
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The aim of the minimum curvature method is to produce a smooth surface. This is achieved 
by using a second derivative calculation based on the differences between the values of the 
adjacent cells. the smoothness of the final grid can be adjusted by a parameter in the Splin2h 
program. 
The degree of smoothing in each image was decided by a trial and error approach. Images of 
each data set were produced in both under and over-smoothed forms. The selection of the 
final raster was based on the criteria that the data points in the flight lines were diffuse. In 
the under-smoothed images, all data points were still recognisable. The final grids were 
produced for each input data set with a cell size of 200 metres; that is, each cell represents 
an area of 200 m x 200 m on the ground. 
The final data grids were in floating point format and on import to the microBRIAN image 
processing system they were compressed into 8 bit format (255 levels) to allow manipulation. 
Maximum and minimum levels in the original data were recorded to preserve absolute values 
for future interpretation. 
2.3 LEVELLING THE GRIDED DATA 
When the resultant grids for total count, eU, eTh and ¾K were viewed on the image system 
it was obvious that the images (particularly the eU image) had east-west artefacts. These 
artefacts are parallel to the flight line direction and are most likely due to incorrect or 
incomplete processing of the raw data. 
Green (1987) documented a procedure for estimating background-correction levels for the 
uranium channel of an airborne gamma-ray survey. The method is based on the assumption 
that the uranium flight-line means are a linear function of the means for potassium and 
thorium. Green's work pointed to the definition of a linear transformation that orders its new 
components in terms of signal-to-noise ratios. His main point was for the case with noise in 
a single band where he showed that the noise is best isolated by the residuals of a multiple 
linear regression of the noisy band on the noise free bands. 
For the grided data images in the Port Clinton sheet ( derived from BMR data) it is obvious 
that all of the 4 grided images possess rather severe artefact problems. Although the method 
described by Green would be beneficial on relatively clean data it can be seen that it would 
be of little assistance with the Port Clinton data set. 
In the discussion in Green's paper he states: 
'Not all levelling problems have been corrected by this procedure; for instance, the 
bright band in the northeastern section of the iniage remains. This error is present in the 
uranium and thorium channels and thus has not been detected by the regression. The only 
way to remove this type of error without rnore information about the state of the system is 
with a procedure that uses differences between neighbouring lines to detect lines of 
anomalously high counts'. 
With this statement in mind it was decided to devise such a scheme that uses information 
from neighbouring lines to correct or level the artefacts in the 4 grided images. An image 
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processing technique was devised where all parts of the procedure could be managed in the 
microBRlAN image analysis system. 
The procedure was developed using Version 2 of the microBRlAN system. The image for 
this example is that of potassium (%K) but the exact same procedure was followed for the 
other 3 grided images. The programs used in the microBRlAN system were: 
mALONG - compute along-line intensity variation 
mLNRES - line resampling; duplicates lines to form an image 
mAFFTR - compute linear combinations of channels; affine transform 
mTRAIN - crossplot data; regression analysis. 
The processing sequence to remove the east-west artefacts in each image was: 
1. The image was rotated through 90 degrees so that the artefacts appeared to run 
up and down the screen as shown in figure 5. This was done to make the artefact effects 
maximised along a line of the image. 
2. Program mALONG was then run on the image to extract the along-line pixel 
means. This program works its way from the top to the bottom of the image and computes a 
mean for each pixel across the line. The output from mALONG is a single string of data 
with one value for each pixel mean. If plotted it could possibly look sine-wave like, with the 
amplitude and frequency being modulated by the intensity and frequency of the artefact 
means derived from the whole image. 
3. Program mLNRES was then run with the single line of data from mALONG 
as input. The input pixel-mean data was then duplicated to make an equivalent size image to 
that of the original potassium image. Figure 6 shows the resultant image which consists of 
vertical stripes, the intensity being the same as the mean of the along-line trends in the 
original image. 
4. The crossplot option of the program mTRAIN was then run to derive a 
regression line. The regression equation summarises the relationship between the two 
channels as is shown in figure 7. The regression line for the crossplot was computed as: . 
where 
channel i = ai x reference channel + bi 
ai = the regression coefficient 
bi = the regression offset 
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The proportion of the image signal in channel i which is modelled as the spatial artefact can 
then be subtracted by the equation: 
channel i' = channel i - ai x reference channel 
To protect the scaling of channel i' for consistence with channel i, an offset was added. This 
offset had a value equal to: 
a. xR 
I 
where 
R = the mean of the reference channel ( calculated in mTRAIN) 
5. Program mAFFTR was then run which produced output described by the 
following equation: 
channel i' = channel i - ( ai x reference channel) + ( ai x R ) 
For the potassium example, this becomes: 
corrected potassium= artefact potassium - ( a x artefact reference) + (ax reference mean) 
This four step processing procedure was carried out on all four radiometric images. 
2.4 CLASSIFICATION 
Classification is a technique of clustering complex multivariate data into manageable units. 
By using an appropriate clustering algorithm pixels with similar radiometric responses will 
be aggregated providing the input data sets are spatially continuous. A measure of the 
success of such an allocation process will be in how well the derived classes represent the 
real classes or categories that are thought to exist in the data. 
For the airborne gamma ray spectrometer data at Shoalwater Bay the image was classified by 
using a supervised minimum distance classifier in which the means were only migrated once. 
2.4.1 Minimum Distance Classifier 
This description of the minimu111 distance classifier is based on the description of Harrison 
and Jupp (1993). A minimum distance classifier uses a linear discriminant functi on to 
allocate the pixels to one of a set of classes. The method of allocation of a pixel to a specific 
class is based upon a measure of linear distance as illustrated in figure 8. 
The class position or centre is usually represented by the mean of the class in such a classifier 
and so the calculated distance will be that between the pixel and the class mean. Such linear 
classifiers do not consider such factors as covariance between channels. With radiometric 
data the minimum distance classifier was used to create multiple image classes for each 
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feature class. Later, in the classification process, these multiple classes were grouped 
together to produce the final feature classes. 
The microBRIAN image analysis system was used to assign each pixel to a class. The initial 
values or 'seeds' for each class were provided by an interactive training process. From this 
supervised classification the radiometric image of 4 channels was initially classified into 100 
classes. 
Ort ~examination of the residual image (Jupp and Mayo, 1982) the number of classes-was 
increased to 160. The residual image is a measure of how successful the classification has 
been in allocating all pixels to classes. If pixels remain unclassified then the residual image 
will indicate this as areas of obvious pattern. An iterative processing sequence was adopted 
until the desired classification was obtained. 
The microBRIAN minimum distance classifier assigns each pixel to the class with distance to 
the seed being shortest for each channel of the image. Explanation of this in mathematical 
terms is that if pixel xis allocated to the class computed to have minimum dist (x, SJ value: 
dist (x, Si) = Li (lxj - mijl / gate) for all j channels 
where 
x is the pixel vector to be allocated 
Si is spectral class i 
xj is the value in channel j for the pixel to be allocated 
m .. is the value in channel J. for the seed of class i 
1J 
gatej is a weight supplied for each channel; 
Provided that L .. < x. < U .. IJ J IJ 
where 
L .. = m .. - gate. 
1J 1J J 
U .. = m .. + gate. LJ ~IJ J 
The value of gatej should be proportional to the within class standard deviation of channel j , 
and these values are used both to weight the computed distance to account for different 
variability in the different channels and to define the channel thresholds around each class 
seed. The size of the gate will determine how well the classifier operates. A gate value of 4 
standard channel deviations usually results in compact class clusters. 
Multiple passes through the image can be selected for each allocation run. After each run 
(not including the final) class means are calculated which are representative of the pixels 
allocated to the class. The seed class mean can be migrated to this new calculated class n1ean 
after any pass of the classifier. This process is shown in figure 9, and for the 4 band 
radiometric data was only applied once toward the end of the classification. 
The 160 classes created with the classification process were then aggregated in successive 
steps into 120, 60, 30 and fin ally 19 classes. The criteria for this aggregation was spectral 
similarity (Tunstall et al. 1984, Tunstall in prep), that is, combining classes into superclasses 
on the basis that the combining classes have similar means in the four radiometric channels. 
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2.5 DETERMJNATION OF BOUNDARIES 
The four radiometric images were further analysed by Principal Component Analysis (PCA). 
As there appeared to be strong correlation between the channels the images will contain some 
redundant information. A parallel to this is with Landsat MSS imagery where 95% of the 
data variation in the original 4 channels can be represented by 3 principal component 
channels. 
The reasoning behind this analysis was to try and summarise most of the information in the 
four images into one representative image. This image could then be analysed with the aim 
that spatial boundaries could be extracted. 
2.5.1 Principal Component Analysis 
The four channel radiometric image can be considered as a multidimensional matrix. To 
imagine this the example of a two-channeled image is used. In this case the data can be 
represented as a crossplot as seen in Figure 10. 
This figure shows that the pixel values of the two channels in the image are changed by 
moving the axes in data space. The change in axes and rescaling allow the radiometric data 
patterns and relationships to be analysed in a more direct method. The result of such a 
transformation is shown in Figure 11. PCl is the first principal component and is the axis 
which is aligned with the maximum data variance in the image. PC2 is perpendicular to 
PCl. 
The above concept was used with the four dimensional radiometric data where PC 1, PC2, 
PC3 and PC4 were produced. Interpretation of the resultant four component channels is very 
dependant upon the features in the original data channels but as the first principal component 
(PC 1) is in the direction of maximum variance it was used because it is most representative 
of all input channels. PC 1 is representative of the variation in the four channels. 
2.5.2 Analysis Of Variance 
The first principal component image best summarises the variance in all four channels and 
was considered the best image from which radiometric boundaries could possibly be 
extracted. Areas within the image which are relatively homogeneous should represent 
spatially stable regions while areas of change should equate to boundaries. 
To define the boundaries in the PC I image the microBRlAN system was used to compute the 
local variance or texture of the image. The output of this process should indicate the 
boundaries (areas of high local variance) in the radiometric data. A 3 x 3 filter is used in 
microBRlAN to define the neighbourhood of each pixel and the texture (Ti) is then 
computed by: 
where 
x .. 
IJ 
xkl 
Tij = f (1 /2 n x (x ij - xkl )2) 
is the central value of a 3 x 3 window centred at column i and row j 
is the pixel at column k and row 1 where k = i + 1 and 1 = j + 1 
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n is the number of pixels involved in the calculation 
For the PCl image, where the variance is needed over as small an area as possible, the 
window was kept at 3 x 3. This means that n = 8 and the previous equation becomes: 
2.-5.3 - Production Of Radiometric Spatial Boundaries 
The resultant texture image produced from the first principal component of the radiometries 
data is a raster type image. For subsequent mapping purposes the information in the image 
was converted to a vector format; that is, the line data in the image was digitised to a vector 
file. 
Interpretation of the texture image to produce homogeneous spatial polygons was achieved 
by the following methodology: 
1. An 3 band image was produced which consisted of: 
band 1 = first channel of classified image 
band 2 = second channel of classified image 
band 3 = texture image of PC 1 
The resultant image can be seen in figure 12. By using such a combination of bands in the 
image spatially homogeneous regions can be recognised by colouration and the boundaries 
can be recognised by the texture image information. 
2. The image was produced in hard copy format at a scale that maximised area on 
an available digitising tablet. The boundaries were then digitised using the ATLAS DRAW 
software package and then exported from that package in a format suitable for import to the 
microBRIAN system (.BNA format). 
3. The digitised boundary file was then imported into the microBRIAN system to 
allow integration with other images and export to other image systems for further analysis. 
2.6 INTEGRA~G DATA FOR ANALYSES 
To enable analysis and interpretation of the classification raster and the radiometric 
boundaries, the data \Vere further integrated with other data sets. The four data sets used for 
this purpose were geology, elevation, soils and vegetation (a description of these data is 
contained in the introduction) . 
For this purpose, all the data were imported into the MIPS image analysis system (a 
product of Micro Images Inc., USA) and georeferenced to enable correct feature overlay. 
This system allows raster, vector and CAD objects to be easily displayed and georeferenced 
on the screen and in hard copy format. The hard copy device used for printing the colour 
plates was a Tektronix Phaser III xi postscript printer. 
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3 RESULTS 
The results can be separated into two divisions. The first comprises of sections 3 .1 to 3 .4 and 
reports on the results of the data processing aspects of the study. Section 3 .5 then reports on 
the interpretation and integration of the data sets. 
3.1-~ -RASTERISING THE DATA 
The four radiometric data sets and the magnetic data set were rasterised by using the Splin2h 
griding package. Input to this software required data to be in a Flat ASCII format, the 
conversion from BMR ARGUS format being facilitated by CRA Australia. 
Figure 13 shows the result of using the griding package on the eU radio element data. From 
this it can be seen that by changing the smoothing factor whilst griding (in Splin2h the 
smoothing factor is called the RMS value) the output raster can be vastly changed. the RMS 
values shown in the illustration are, for image 'a' RMS = 2.0, for image 'b' RMS = 6.5 and for 
image 'c' RMS= 10.0. 
Each of the radiometric data sets (and the magnetics) were processed on an individual basis. 
That is, the smoothing factor was not set at a uniform value for all of the final output grids, 
but the smoothing was selected for each individual image on the basis of visual inspection. 
In the eU example with an RMS= 2.0 it is obvious that the input flight-line data needs more 
smoothing before the image would be acceptable. 
The output data was imported into the microBRIAN image system by using program 
mTRADE. This was done for each Splin2h output grid to enable visualisation of the image. 
Each of the in1ages created in Version 2 of microBRlAN were in 8 bit format. That is, the 
data range of the imported grids were scaled, based on maximum and minimum values of 
input data, to have a range of 255 values (0 to 254). Table 2 shows the actual minimum and 
maximum values for each radio element imported. 
3.2 OUTPUT FROM THE DATA LEVELLING PROCESS 
The devised levelling process was performed on the four radio element raster images as they 
all showed severe east-west artefacts. The eU image possessed the most severe problems 
which is normal for radiometric data. Once the procedure was completed on the first image 
the process was recorded and became much quicker for the ensuing images. 
Statistics for the regression and following affine transform were gathered in the crossplot 
option within the microBRIAN module mTRAIN. The resulting regression coefficients and 
scaling offsets are listed in Table 3. For the potassium example the values are: 
regression coefficient 
regression offset 
= 0.1659 
=19.156 
Using the above example values the affine transform equation for potassium becomes: 
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corrected potassium = artefact potassium - 0.1659 artefact reference + 19.156 
The affine transform was performed in program mAFFTR and for the potassium example the 
final grey-scale image is shown in figure 14. This methodology was followed with all four 
radio element images and the final levelled images are shown in colour in figure 15 . 
The magnetics for the Port Clinton sheet are shown in figure 16. The total magnetic intensity 
image is referred to in the discussion where its possible uses in shallow geology and regolith 
mapping are investigated. 
3.3 MINIMUM DISTANCE CLASSIFICATION 
The four radio element images (total count, eU, eTh and ¾K) were combined and clustered 
by using a minimum distance classifier. This was a supervised classification as seeds for 
classes were selected by the user with a priori knowledge of the area. The subsequent 
increase in class numbers was based on residual image methodology (Jupp and Mayo 1982). 
The final classified image is shown in figure 17, with the class numbers annotated. All areas 
of equal colour in the illustration belong to the same class. Table 4 is a summary of the 
statistics for each class while figure 18 is a graphical representation of this Table. 
3.4 RADIOMETRIC SPATIAL BOUNDARIES 
The first principal component of the four radiometric images was used as the image from 
which to derive boundaries. This image summarises 77% of the variation across and within 
the radiometric bands while removing noise. A 3 x 3 texture filter was passed over this 
image, the resultant image can be seen in figure 19. 
Close inspection of this texture ( local variance ) image reveals that many of the lines of high 
variance do not close or intersect. The boundaries of the features are not completely defined 
by the variance in the first principal component. To fill in the location of boundaries not 
defined in the texture image, the classified image was utilised to provide additional 
information. After much investigation it was decided that the most useful image for 
providing boundary information was a colour composite image with class number for the 
classified image displayed in two channels and the texture of PCl in the third. Using this 
produced an interpretable image because class numbers had been arranged in sequence of 
radiometric similarity. 
By digitising the boundaries in the colour composite image, a boundary file was created 
which contained 204 polygons. At the time the polygons were produced digitising was a 
manual operation involving a tablet, puck and software. Figure 20 shows the digitised 
polygons that resulted from this process. 
3.5 DATAINTEGRATION 
After completion of all the above processing steps the following data sets were available for 
interpretation: 
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Raster images: 
Vector images: 
Classified radiometries (19 class) 
Classified vegetation image 
Digital elevation model 
Radiometric spatial boundaries 
Soils from 1 :2 000 000 Australian Resource Series 
Geology from 1 :250 000 Port Clinton sheet 
To establish the value of the radiometries classification and spatial boundaries these data sets 
were integrated with others for comparison purposes. As the radiometric data are 
independently derived, such comparisons with other data should indicate the possible 
'correctness' of the data sets. With the mapping of land information the 'correctness' can 
never be fully resolved as there is no correct answer. 
Figure 21 shows the geology of the Port Clinton 1:250 000 map sheet (after Murray, 1975). 
This map was derived from detailed reconnaissance on the ground with extrapolation by 
airphoto interpretation. Units on the map shown with the same colour represent the same 
geology. The regional strike of the geology is from south-east to north-west. A detailed 
structural history of the area can be found in a report by Fergusson et al.(1990) and a 
description of the geological history of the area can be found in the notes that accompany the 
map sheet (Murray, 1975). 
Figure 22 shows the soils of the Port Clinton 1 :250 000 map sheet ( after Isbellet al. 1967) 
which have been digitised from the Atlas of Australian Soils 
Brisbane-Rockhampton-Charleville-Clermont Area map sheet (1:2 000 000 scale). The Port 
Clinton area was compiled by C.H. Thompson, T.R. Paton, G.G. Beckmann and G.D. 
Hubble in consultation and collaboration with K.H. Northcote. The mapping units are 
'associations of soils' and are delineated by landscapes. 
The soil descriptions are based upon landscape and their topographic positions in the 
landscape. Within this structure each mapping unit has a dominant soil group which is 
shown in Figure 22 and gives an overall picture of their occurrence. By reference to Isbell et 
al. ( 1967) these dominant soil groups can be further subdivided. 
Figure 23 is a vegetation classification image as derived from Landsat 2 multispectral data. 
The classification was processed by B.R. Tunstall at CSIRO Division of Water Resources, 
Canberra, and to date has not been published. The final 27 classes shown in the figure are 
the result of aggregation of many more classes, all of which have been ground truthed to 
check reliability. The aggregation of classes was based on measures of spectral similarity 
and spatial adjacency. 
The vegetation classification image does not cover all of the 1 :250 000 Port Clinton sheet. It 
is restricted in the south and west and only covers the ground area as used by the military in 
the Shoal water Bay Training Area (SWBT A). This is because the classification was derived 
for land management purposes in the SWBT A. The radiometric spatial boundaries also only 
cover this area of the Port Clinton sheet as the author was studying this area for CSIRO 
(Division of Water Resources) at the time of its production. Figure 24 is the same as Figure 
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23 but with a grid system superimposed to enable location of features in the textual 
discussion. 
3.5.1 Comparison Of Vegetation Clusters And Radiometric Spatial Boundaries 
The radiometric spatial boundaries were overlayed on the classified vegetation image by 
using the MIPS image analysis system. The MIPS system made this data integration very 
ea~y ~nd the resulting image is shown in Figure 25. 
Examination of this figure shows very close spatial coincidence between data sets. This 
similarity is very positive when the derivation of the data sets is considered. The vegetation 
image is derived from spectral reflectance measurements taken by a satellite in orbit about 
the earth while the radiometric spatial boundaries are derived from measurement of natural 
gamma radiation emitted from the regolith surface material and recorded by an aircraft 
detector (see sections 4.3 and 4.5 for further discussion of this correspondence). 
The positions of the radiometric spatial boundaries are not rigid. If Figure 19 is examined, it 
can be seen that the high variance or boundary lines are not actually lines, but rather zones of 
change with a width of 3 to 4 kilometres. On Figure 25, this relates back to a measurement 
of about 2 mm accuracy in boundary location. 
Further examination of Figure 19 shows that there are many more boundaries than those that 
have been digitised. Only those boundaries which are relatively dark in colour were included 
in the spatial boundary image and others could have been readily included if the object of the 
exercise was to duplicate the cluster boundaries of the vegetation image. As this was not the 
digitising objective the result shown in Figure 25 is very encouraging. 
3.5.2 Comparison Of Radiometric Spatial Boundaries And Soils Mapping 
As with the classified vegetation image, the radion1etric spatial boundaries were overlayed on 
the digital map of the soils of the SWBT A. The result of this operation can be seen in Figure 
26. The agreement between the two data sets does not appear to be as coincident as the 
comparison with the classified vegetation, but the overall correlation is acceptable. 
For example, the soils related to granite outcrop Cd19 and Cd20 (located at D6, 09, G4, F6, 
H7, H3, I 4 and IS grid coordinates on Figure 22) are well described by the radiometric 
boundaries. This is to be expected as the radiometric technique has historically been used to 
map granites. 
Some of the obvious discrepancies in correlation could be changed, as with the vegetation 
i1nage, if the boundaries were meant to be only representative of the spatial arrangement of 
soils. Generally, there is more detail in the radiometric boundaries than can be found in the 
soils mapped at the 1:2 000 000 n1apping scale. This is to be expected, and as the soils map 
is only representative of the dominant soil ( 60% area arbitrarily chosen) in each unit it is also 
expected that boundaries would exist within each unit. 
An exan1ple of a boundary not shown in the radiometric data can be illustrated by viewing 
Figure 22. At grid reference 17 there is a major east-west boundary between mapped units 
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B18 and Cal 0. Unit B1 8 has a dominant soil type of siliceous sands while unit Ca l0 has a 
dominant type of deeply leached sands. The actual surface expression of the two units is 
very similar. With reference to Figure 19 it can be seen that there is actually a radiometric 
boundary (although faint) present at the location which was not digitised. 
The above described result is similar to that of the comparison to the vegetation class image 
where most boundaries could be reproduced if that was the requirement of the study. · As it is 
not, it is acceptable that all boundaries need not be coincident as they are derived from 
completely different data and methodologies. 
3.5.3 Integration Of The Classification With The Radiometric Boundaries 
The 19 class radioelement classification and the radiometric spatial boundaries are both 
derived from the same four raw data sets (total count, eU, eTh and ¾K). Because of this it 
would be expected that there would be a high degree of spatial correlation as is illustrated in 
Figure 27. 
The derivation of the boundaries involved overlaying the local variance features on the 
classified image (Figure 12) to provide an indication for closure of boundaries around 
homogeneous radiometric classes. This was deemed necessary as some of the boundaries did 
not close. This usually occurred where the radiometric signal, as represented by the first 
principal component, has a gradational change in levels and as such the change will not be 
great enough to be detected by the local variance filter. This scenario translates to the 
example of a granite weathering with the weathering debris moving downslope from the 
pluton. The measured radiometric signal would be that of the parent rock (granite) and 
would gradually diminish with distance from the parent rock. 
The objective in overlaying the data in Figure 17, was to try and relate the spatial polygons 
of the boundaries by their associated class attributes (the total count, eU, eTh and ¾K values 
in each class of the classified image) to known attributes of independent data sets. The other 
data sets used were geology, vegetation, soils and elevation. 
This is relatively simple in the case of granites where, for example, in Figure 27 at grid 
references C6, G4 and Hl 0, three granites are readily mapped by both radiometric spatial 
boundary and classification class 18. If the locations of these boundaries are analysed on 
either the geology or soils image, the unit they describe is granitic. 
Class 18 has very high radiometric values as can be seen in Figure 18. Table 5 shows the 
class means converted back to measured values instead of the image values shown in the box 
and whisker figure. From this table it can be seen that the radioelen1ent potassium has a class 
mean of 61.1 with a standard deviation of 14.3. This high value is to be expected because of 
the potassium within the granite. 
In the south-east corner of grid cell A1 on Figure 27 a large occurrence of class 19 exists. 
On the geology map this area is part of the larger mapping of the rock unit Pzl which consists 
of undivided metamorphic rocks of the Paleozoic era, with mica-schist as the predominant 
rock type. On the soils map, once again, this area is part of the larger mapping of the unit 
Sj 11 which is described as low hilly lands on metamorphic rocks with dominant soils of hard 
acidic yellow and yellow mottled structure. Neither of these two descriptions actually 
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differentiate any change that would cause such a change in the classified image from class 11 
of the surrounding area, to class 19. 
The vegetation image lends support to the radiometric data by showing a different pattern 
(pink on green) on Figure 24 at the north-west comer of grid cell B3. When the area was 
visited it was found to be higher in elevation that the surrounding area with surface geology 
consisting of muscovite-biotite gneiss with very large quartz outcrop. The area is obviously 
different to its surrounds. The high thorium value in class 19 (29.5 + 2.01 ) was explained by 
the -presence of the gneiss (gneiss often contains monazite which is composed of Th02 + rare 
earth phosphate). 
The two examples mentioned relate to outcropping material which is at a higher elevation 
than its surrounds (refer to Figure 28 for estimate of relative elevation). Although both of 
these examples are weathered, they are both outcrops which have not been transported. By 
analysing Figure 28 for landforms of higher elevation (those polygons with lighter 
colouration) it becomes evident that the higher areas in the landscape are those areas in which 
the radiometric classifications are coincident with specific units in the soils and geology 
maps. 
The Shoalwater formation (Pzs) is mainly composed of quartz greywacke, mudstone and rare 
chert and its spatial extent, as mapped by Murray (1975) is illustrated in Figure 21. The 
coloured raster (Figure 27) has areas of Pzs, at grid references C4, F7-8, 18 , HS, F2 and El. 
All of these areas are composed of classes 6, 7, 10, 12 and minor areas of class 11. The 
dominant class of the Shoal water formation is 6. Classes 11 and 12 occur at high-points 
within the formation. Also of interest at this point is that at grid location B3, the area is 
mapped as Pzl - undivided metamorphic rocks. In the report by 11urray (1975), it states that 
this formation possibly grades into the Shoal water formation in the Pine Mountain area. The 
classes present in the area support this statement. 
At grid references H7 and H8 on Figure 27, there is a relatively large area of class 2. By 
consulting the digital elevation model (Figure 28), it can be seen that this area is of relatively 
uniform relief and is bounded on all sides by landforms of greater relief. The radiometric 
spectral signatures of class 2, as described by there means are total count= 154 + 30, 
uranium= 9.5 + 1.8, thorium= 5.7 + 1.8 and potassium= 9.4 + 4.4. Comparison of this 
mapping with the geology shown in Figure 29 indicates very good agreement with the unit 
Cz!Tw. The major surface expression of this unit is Cz which consists of sand, gravel, soil 
and arkose. Further description by Murray (1975) indicates the presence of coastal sand and 
swamps. 
Further comparison of the class 2 area with the soils map in Figure 26 shows that the soils of 
the area are described as Wa20, sandy soils with mottled yellow clayey subsoils, and NVl, 
hard setting loamy soils with gley clayey subsoils. Both of these units ( associations of soils) 
have subdominant units in common which makes it possible that the surfaces of these units 
en1it similar gamma ray spectra and hence are classified in the same class. 
In the central-south of grid reference H8 (Figure 27) a small area of class 11 can be seen and 
this is mapped both by the classification and the spatial boundaries but not by the geology or 
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soils (the small area to the west of this on the geology map is Tw). On visiting this area it 
was found to contain a large Tea-tree swamp. 
3.5.4 Townsville Area, Queensland 
A data set of radiometric data for an area west of Townsville was classified after gridding by 
u?tl}g_ the same methodologies as that used as Shoalwater Bay. The flight line spacing for 
this data was 400 metres and the survey was flown at an altitude of 80 metres. -
Figure 30 shows the classified radioelement image with the geology overlayed. The geology 
mapping's were created by scanning a line-traced map of the corresponding area and then 
importing the TIFF file into the MIPS system. The level of discrimination from the 400 
metre data is far greater than that provided in the 1968 1 :250 000 geology map. 
3.5.5 Total Magnetic Intensity Data 
When the BMR flies an airborne survey, the total magnetic intensity is measured at the same 
time as the readings of gamma-ray intensity are accumulated. These magnetic measures are 
included in the ARGUS archive format. The magnetic data were grided at the same time as 
the radioelement data and the resulting image can be seen in greyscale in Figure 13(D) and in 
colour in Figure 16. 
The resultant image is the result of magnetic rocks and minerals in the earth distorting the 
earth's magnetic field. As rocks and minerals have different magnetic susceptibilities 
depending on their composition, these distortions can be interpreted for mineral assemblage 
and depth to source. Such images are generally used for structural determinations and 
mineral exploration. The image was not used in the classification processes described in this 
paper, but a possible use will be brought forward in the discussion. 
Figure 16 shows a steep gradient in the north-east comer which is an artefact of the gridding 
program having zero data points in this area (see Figure 4 for data points). On a greater 
radius to these artefacts both images illustrate some form of curved features which would 
centre to the north of the image. This could be the result of volcanicity to the north of the 
area (Ollier 1991 , p. 134). 
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4 DISCUSSION 
4.1 DATA PREPARATION 
The format of the raw data tape as supplied by BMR is not very manageable for most modem 
in;i;;ig~ systems. If the data were supplied in a flat ASCII format, as is done by most__private 
suppliers of such data, it could be more easily accessed. To reformat the ARGUS archive 
format requires specialised software to be written. If such a format has to be maintained, 
then it might be possible to supply reformatting software when the tapes are purchased. 
The gridding of the raw data was straightforward. Program Splin2h proved a very effective 
package for handling the radioelement data sets and produced the desired output with 
minimal adjustment. The ability to vary the smoothing factor for the output grid at this very 
early stage is most invaluable. The integrity of the data is more likely to be maintained by 
using this approach when compared with producing a grid with noise and then post 
processing it with a smoothing filter once imported to the image system. Since this work was 
done, many other gridding packages involving different algorithms have been trialed. The 
result obtained by Splin2h in 1990 still appears to be the equal of the other packages. 
Determination of the correct RMS value for a particular radioelement is an iterative process. 
The uranium image proved the most difficult to create as the data were very noisy. 
Over-smoothing of the data to remove all of this noise would result in a loss of dynamic 
range in the output grid; the data range would be compressed. The criteria chosen to select 
the optimal output grid was that of using the image where the data points are just obvious. If 
the points along the flight lines were plain to see when displayed on the image system the 
RMS value was increased. 
After the production of many images, a final acceptable set was produced. This process can 
be quickened today as a program now exists that uses the same gridding algorithm, but also 
examines the input data statistics to determine the optimal gridding parameters. 
The output cell size from the gridding process is also an operator input parameter. The rule 
of thumb used most generally is that the cell size should not be less than the flight line 
separation divided by 4. The BMR data were gathered at 1.6 km line spacing which would 
lead to the use of a 400 metre output grid cell size. For the Port Clinton data, output cell 
sizes were produced down to 100 metres in size. At that size there were obvious artefacts 
introduced and so the 200 metre cell size was chosen. Closer flight-line spacing will thus 
enable smaller cell sizes to be used in the image system. 
4.2 EFFECTIVENESS OF THE LEVELLING PROCESS 
A good measure of how effective the process designed to level the data performed is seen in 
Figure 19. As the texture (local variance) of the first principal component of the input data 
images highlights changes in all four images, it should also highlight any problems in data 
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levelling. So 1.ne levelling errors can probably be tolerated so long as they don't affect the 
outcome of later analysis. 
Figure 19 does exhibit some horizontal striping, but this is incomparable with the amount 
present pre-levelling. A very bad artefact still exists about two thirds of the way down the 
image which is indicated by the white horizontal stripe in the ocean. The artefact is visible 
for up to 50% of the image width. Close inspection of Figure 15 shows that it is present in 
all four of the levelled radioelement images. Also, the classified raster in Figure 27 shows an 
elongate area of class 3 ( dark blue) in grid cell H9. 
The radiometric spatial boundary that was digitised, was obviously digitised with knowledge 
that the artefact existed as it continues across it. This is not so for the digitised boundary 
running east-west in grid cell D5 of Figure 27. Such a boundary should never have been 
digitised as it is an obvious artefact. If Figure 19 is viewed at an angle, but down the 
flight-line direction, the levelling problems become more obvious. 
To correct the problem in grid cell H9 of Figure 27, the raw data would have to be edited. 
This would involve either deleting the offending portion of the flight-line in all 4 data sets 
and regridding or shifting the base value of this portion of the line to match levels in adjacent 
lines and then regridding. The cause of the shift is most likely instrumental. In retrospect, the 
value of the information in figure 19 was not fully appreciated at the time the data were 
processed. For future studies the texture image should be produced immediately following 
the levelling so that corrections may be made at an early stage. 
4.3 CLASSIFYING RADIOMETRIC DATA 
For the classification procedure to succeed with radiometric data, several basic criteria must 
be met. Some of these include that the data must be spatially continuous and possess a 
normal distribution and equal variance for classes within bands. Often these criteria are not 
adhered to but are invoked to satisfy the numerical methods used. To circumvent such 
problems with the radioelement data, the image is subdivided into a large number of classes 
and each class should have a narrow distribution of values about the mean; a normal 
distribution. 
The initial seeds for the classification are provided by the user in a supervised classification. 
This is usually done as training sets in spectrally different areas. Such a process involves 
selecting spectrally uniform areas which are often associated by the user with known 
features. This selection should not stop at just 'known features' but should encompass any 
area with low spectral variance. For the radiometric data it appears that there is an initial 
need for a large number of classes to obtain reasonable estimates of spatial features being 
mapped. 
With such a large number of classes, visualisation of the result is similar to viewing a 
composite of the raw data. Statistical relationships of the pixel values in each class and 
between classes provide the basis for aggregation of classes. The spectral similarity criteria 
used in the amalgamation of radiometric classes used a dendrogram based on the sum of 
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squares. After each aggregation a new spectral similarity dendrogram is calculated. The 
process is iterative until the desired number of classes is produced. 
To define the term 'desired number' the information in the radiometric spatial boundaries 
could be used. As these boundaries define the change zones in all four channels of data they 
can be used as an overlay on the classification as an indicative guide to the number of classes 
necessary in the classification needed to describe the area. 
Outcropping geologies can be assigned gamma-ray spectral signatures by reference to the 19 
class radioelement image in Figure 17. The measures recorded in an airborne radiometric 
survey are derived from gamma-ray emissions originating from sources very near to the 
surface. Because of this, the signal will only be truly representative of surficial geology and 
soils. 
The high peaks in the SWBTA are granite plutons and have higher radioelement contents 
than the sediments. All of these plutons are described by class 18 in their central areas. The 
signature changes through class 13 ( occasionally) to class 5 as the extremities of the plutons 
are reached. There are several possible explanations for this phenomena, however, the 
correct one, or combination, has not been defined by the available data. 
The effect could be induced as an elevation artefact as the highest points in the plutons are 
closer to the recording device and so producing a higher intensity. It could also be the result 
of detecting a weathering gradient where fresh rock is exposed at altitude and detritus 
accumulates down-slope. A third possible explanation is based on the formation regime of 
the plutons. As the plutons solidified, there would have been a temperature gradient across 
them and possibly a change in their geochemical composition resulted. There could also be 
other more correct explanations. 
The Quaternary and Tertiary sediments of the SWBTA are characterised by classes 1, 2, 4, 9 
and 11. Classes 1, 2 and 4 are very low in counts in all radioelements and occur in flat lying 
areas with leached surfaces. Class 3 effectively describes the silica rich coastal dune 
systems. 
Class 11 is usually encapsulated in class 9 when it is located in Quaternary and Tertiary 
sediments, and the radioelement levels in class 9 are less than those of class 11. In the 
south-west of the SWBTA there are large areas of these two coincident classes which are 
thought to be caused by the underlying granitic lithology. The underlying lithology can have 
an appreciable effect, in terms of radioelement response, on areas of shallow regolith, which 
js possibly due to the blending of locally derived surficial material. 
A vast number of sites in the area have been visited and hand specimens of surface materials 
collected for future analysis. To validate the above premise, there is the need of a shallow 
drilling program with lithological analysis of the returns. The class 11 signature in the 
outh-west relates to the Upper Permian unit Pui which is composed of adame1lite and 
granodiorite. 
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4.4 SPATIAL BOUNDARY USAGE 
The derivation of a method to produce radiometric spatial boundaries appears to have good 
n1erit. The purpose of its design was to give more exact spatial limits to areas of 
homogeneous radioelement signal emissions. Besides this, the resulting boundary image was 
able to be used to detect levelling problems in the grided data and also as a guide to the level 
of aggregation in the classification process. 
~t? t~xture image (Figure 19) from which the boundaries were digitised has many interesting 
features. Often where there is an obvious boundary feature, a faint secondary bounaary can 
be seen shadowing the first. This could possibly be indicative of a geochemical halo within 
the unit. Such gradational patterns are obvious within the classified data set. 
The width of dark lines on the texture image is indicative of slow change in the surface of the 
regolith. If the data were for the northern hemisphere where regolith development is 
minimal, the width of these lines would be lessened in the hard-rock areas as the changes 
would be abrupt. It can be seen from the coarse line thickness that changes in surface 
characteristics from one unit to another are gradual with changes taking place over several 
kilometres. 
To digitise such broad zones down to a single line thickness is a gross misrepresentation of 
reality, but it is a necessity in modem computer and mapping systems. By drawing a narrow 
line on a map it tends to communicate the concept that if you go to that mapped line position 
in the landscape, then you could place both feet on a different feature by straddling the line. 
This situation is generally only observable in hard-rock terrains. 
Georeferencing of the boundaries to other data sets does have minor problems and was best 
achieved by picking control points at coastal features. With the boundary image any location 
errors were trivial when compared to the width of the lines that were reduced to a single 
vector by digitising. The question also arises as to where in the texture image boundary do 
you digitise the boundary line ? An arbitrary decision was made for each feature by 
considering the topography of the area. 
4.5 VALIDATION OF RESULTS BY COMF ARISON WITH INDEPENDENT 
MAPS 
The method of validation chosen to examine the results of the radiometric analyses was the 
comparison to other types of mapping of the same area. By these comparisons associations 
with spatial patterns and characteristics in the landscape could be examined and possible 
conclusions made. 
The correlation of spatial information between the radiometric image in Figure 27 and the 
classified vegetation image in Figure 25 is exceptional at this scale. With such a high degree 
of correlation from t\vo completely independent data sources there is need for explanation. 
The vegetation classification is derived from Landsat 2 data which consists of spectral 
radiation measurements of reflected light in the region of 500 to 1100 nanometres. Within 
this range there were 4 spectral bands recorded and the resolution of each pixel on the ground 
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was 56 x 79 metres. The resultant classification image derived from this data is based solely 
on surficial measuren1ent and is not dependent upon other data as input. 
As described earlier in this paper the radiometric classification and boundaries are derived 
from the measurement of natural gamma-ray emissions from the topmost layer of the 
landscape. Lithology at depth can have effect on response if there is mixing of this parent 
material with detrital overburden. Some instances have been observed where response to a 
lower strata is evident but this was only in extremely leached stream beds where there was a 
high potassium clay covered by several centimetres of very low signal material. 
Both of the data sets do have a common feature; they are representative of only the surface 
features of the landscape material and do not pretend to relate to any information at depth in 
the landscape. the vegetation correlates well with the radiometric spatial boundaries and on 
closer examination there is positive correlation of vegetation type to radioelement class. 
Such an association could draw the conclusion that vegetation type for a particular landscape 
is dependent on the geochemistry and mineralogy of the very near-surface material. If this is 
correct then the radiometric method would have major implications in biodiversity mapping 
as well as land and natural resource usage. 
Comparisons of the radiometric data with the soils maps in the 1 :2 000 000 Soils Atlas of 
Australia did produce reasonable results but not as striking as with the vegetation image. The 
units in the soils map as described by Northcote (1979) are based on a description of the 
properties based upon the depth profile. And emphasis of the properties in the A2 and B 
horizons are the main factors on which the units are based. The O and A1 horizons, which 
occur above the A2 horizon, are not specifically mapped by using this methodology. 
With consideration of this concept the correlations between the radiometric data sets and the 
soils map are more readily explained. Better boundary and class correlation occur where soil 
descriptions relate directly to geological outcrop. Where this is not the case, comparisons 
can be good, marginal or indifferent. The distinction between units based on the A1 horizon 
in the soil profile would only be used if there were equivalent A2 and B horizons . This 
explains why the spatial correlation in sedimentary type regolith does vary. If a thin surficial 
layer of different radioelement content overlays the described soil profile and the layer is not 
representative of the mineralogy and geochemistry below, then the correlation between the 
airborne measures and the soils map will be in error. The opposite of this is true when the 
surface layer is conformable in structure and composition with the deeper horizons. In such 
a case the spatial relationships will be good. 
The mapped geology appears to associate well with the radiometric imaged data. As the 
geology 1nap is prepared on the basis of landform and surface expression, it would be 
expected to have high correlation with the gamma-ray data and as with the soils map the 
correlation is maximised in areas of out-crop. The geology map of Murray ( 1975) is at a 
scale of 1 :250 000 and possess 25 different geological units in which some are equivalent in 
a compositional sense but are divided on an age and formation criteria. 
The radiometric data does show pattern within the mapped geological units. An example of 
this can be shown with part of the Curtis Island group described by Murray (1975). Here the 
Shoalwater Formation (Pzs) is described as consisting of quartz greywacke, mudstone and 
rare chert while the Wandilla Formation (Pzw) contains mudstone, quartz greywacke and 
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pale grey chert. The contact between these formations is shown at the centre of grid cell E7 
on Figure 21. By comparison this contact can be seen on Figure 27 at grid cell reference E7 
to F8. 
It is obvious from the radiometric classes that both formations are not continuous in 
lithological character. In the centre of the Wandilla formation there is a hill ( at E8 on Figure 
27) which has a different signature to the rest of the formation. At location E7 (Figure 27) 
the Shoalwater Formation is represented by class 6 (lime green). This lithology is described 
by-Fergusson et al. (1990), as thin and thick bedded interstratified quartz-rich and li-thic 
sandstone. These more recent maps concur with the spatial classes of the radiometries. If 
Murray had mapped the area at a finer scale, there would probably have been greater 
correlation. 
The spectral signatures, as shown in Figure 18, have a general correlation throughout the 
image although in some areas the other data sets do indicate some deviation. It is possible to 
have the same proportions of radioelements present in different Iithologies, but allowing for 
variations within the other maps, the radiometric signal could be indicative of the same 
source composition. The investigation of this premise would require extensive field work. 
The digital elevation model is an essential data set when checking the reliability of any 
landscape data or classification. For regolith type studies it is used as an indication as to 
whether the area being analysed is in an erosional or depositional situation. With such 
information the sourcing of parent material becomes more obvious. In this study the DEM 
was used on a regular basis. 
By validating the radiometric classification and radiometric spatial boundaries by comparison 
to the other available data sets, a reasonable understanding of these indications and 
associations was obtained. The classification technique gives the ability to statistically group 
multivariate data for spatial analysis and the texturally derived boundaries give good 
indication of the spatial extent of each class. 
The method of radiometric analysis indicates spatial pattern and association in surficial 
regolith material and vegetation in the Shoal water Bay area of Queensland. The higher 
resolution data to the west of Townsville is very promising considering the limited analysis 
that has been done so far and the scale of the other data sets available for validation purposes. 
For this data geology maps at a scale of 1 :25 000 would be very beneficial as the image pixel 
size if 50 metres compared with 200 metres at SWBT A. 
The described 1nethods and results in this paper do indicate that spatial regolith 
characteristics can be mapped by using a combination of data sets within an image processing 
/ GIS type environment. The results of these types of analyses are very dependent upon the 
quality of the input data and the interpretation of the input data. Validation by site analysis 
in the field is an essential part of this technology. 
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5 CONCLUSIONS 
1. The minimum distance classification technique does produce groups of radioelement 
classes which are applicable to mapping the surface of the regolith. The radiometric spatial 
boundaries produced by principal component analysis give a good measure of spatial extent 
of surface features. 
2. By integrating data sets in the image processing/ geographic information system the 
results of the radiometric data processing were related to other maps of the SWBT A. All of 
the reference data sets, geology, vegetation, soils and elevation showed correlation with the 
radiometric data to some degree. 
Classified vegetation, derived from Landsat 2 data, showed very good correlation with the 
classified radiometries and showed exceptionally close correlation with the radiometric 
spatial boundaries. The 1 :2 000 000 Soils Atlas of Australia data is least correlated with the 
radiometric data. Reasons for this are explained in the text. 
All of the above data sets provide some specific information for the mapping of spatial 
regolith characteristics. To describe spatial regolith attributes those data sets which are 
derived from surface-only observations appear to give the best results. Such data sets are: 
classified radiometries, radiometric spatial boundaries, vegetation, geology and elevation. 
3. The regolith and terrain mapping technologies developed in this subthesis could be 
applied to land capability and suitability assessments. The techniques would be particularly 
useful where vegetation and soil associations are major determinants of land and other 
natural resource uses such as in agriculture or forest management. 
In minerals exploration the mapping technology could have application in the location of 
weathered intrusions such as kimberlites. 
4. The following topics have been selected as potential areas for future research: 
a. Analyse the effect of closer flight line spacing and altitude differences on the 
classification product. This project has been started with the processing of the Townsville 
data set. Kevron Geophysics have also donated a data set at Sandstone in Western Australia 
which has a flight line separation of 100 metres. 
b. Try to devise a method to use the magnetics as a magnetic domain map for 
shallow features. It would be possible to treat the magnetics with a high-pass filter followed 
by a geophysical process called 1reduction to the pole'. The resultant image should then be 
representative of shallow features and the magnetic material causing any anomalies should lie 
directly below their plotted position. If the data were not reduced to the pole then the 
location of magnetic features are moved as a result of the earth1s magnetic fiel d. 
c. Automation of the digitising process. This should be possible with the line 
thinning algorithms in modem geographic information systems. 
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Figure I. Location map, Shoalwater Bay area, Queensland, Australia. 
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Figure 2. The geomorphology of the Port Clinton map sheet area. Present relief features 
reflect Cainozoic uplift of the fault blocks. ( after Murray, 1975) 
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Figure 3. Typical gamma-ray spectrum recorded at an altitude of 150 metres showing 
major photopeaks and the positions of the 3 channel windows. ( after Minty et al., 1990) 
. Thorium and Uranium are referred to as eTh and eU in the text because their measured 
values are equivalent values. The actual measured radioelements are Tl-208 and Bi-214. 
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Figure 4. Plot of aircraft flight lines in BMR Survey P514 at Port Clinton, Queensland. 
Distance between flight lines is 1.5 km approximately. 
Figure 5. Gridded raw potassium image which has been rotated through 90 degrees. Note 
the presence of severe vertical artefacts in the image. 
Figure 6. Trend or reference image for the potassium image. This image was created by 
extracting the across-line means from the potassium image and then duplicating them 
into an image. Comparison with figure 6. should make the trends, or artefacts, evident. 
y =ax+ b 
( where a= y/x) 
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Figure 7. Crossplot of two channels to derive a regression line. In the potassium 
example channel i would be potassium and the reference channel would be the artefact 
mean image. ( after Harrison and Jupp, 1990 ) 
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Figure 8. The Minimum Distance classifier. A pixel is allocated to the class with the 
closest seed value provided that it is within the gate limits of that class. Pixel x would be 
allocated to class j. ( after Harrison and Jupp, 1993 ) 
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Figure 9. Mean Migration process. Seed class mean can be moved to the actual class 
mean after any pass except the final. ( after Harrison and Jupp, 1993 ) 
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Figure 10. Changing the image axes with principal component analysis. The data values 
in the image are changed by repositioning and rescaling the original axes. ( after Harrison 
and Jupp, 1990 ) 
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Figure 11. Result of a PCA transformation on a two channel image. ( after Harrison and 
Jupp, 1990) 
Figure 12. Composite image from, hich radiometric spatial boundaries were digitised 
The composite consists of class number for the classified image displayed on two channels 
and the texture of P l displa_ ed on the third. 
image A image B 
image C image D 
Figure 13. Images of output rasters from the Splin2h software package. Images A, B and 
Care of the radioelement eU (uranium) and show the result of increased smoothing by 
the gridding package. For images A, Band C the smoothing or RMS value was set to 2.0, 
6.5 and 10.0. Image Dis that of total magnetic intensity with a RMS set to 5.0. 
Figure 14. Grey-scale image of potassium radioelement data corrected for east-west 
artefacts. 
total count uraruum 
thorium potassium 
Figure 15 . Final levelled radioelement images. The extremities of the data are shm n in 
Table 2 and the relative scale of colours is : ( lo" to high) black - blue - green - yellm, -
orange - red - white. 
Figure l6 . Colour gridded image of total magnetic intensity. The relative scale of colours 
is: ( lm, to high ) black - blue - green - yellow - orange - red - white. 
Figure 17. Final 19 class classification image deri,ed from the total count eU, eTh and 
¾K radioelement image . The annotated numbers indicate the derived class and 
equivalent colour indicate equi, alent classes. Values for the 19 classe are described in 
Figure 18. 
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Figure 18. Summary of statistics for the classified image. Solid colours indicate the mean and 
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Figure 19. Texture ( local variance ) of the first principal component of the four 
radioelement images. This image highlights areas of change, or boundaries, in the data. 
In tl1e above image the boundaries are dark in colour. 
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Figure 20. Radiometric spatial boundaries derived by principal component analysis and 
texture filtering. 
A 
LEGEND 
Qd 
Qha 
Qhm 
Cz 
T\\ 
Dh 
PKp 
PKd 
PKg 
PKgb 
PKgp 
Pui 
Pz. · 
Pzs 
Pz,, 
Pzd 
Pzl 
B C D E 
~-
~ 'I, 
• 
. .
4 
coastal sand dunes 
allu ium: graveL sand. silt and clay 
mangrove swamp. mudflats 
sand. gravel, soil and arkose 
mudstone. shale. quartz arenite 
acid tuff and flows. volcanic arenite 
rhyodacitc crystal tuf[ rhyolite flm s 
F 
dacite crystal tu.ff. lithic. vitric and lapilli tu£f 
granite. adamellite. granodiorite and rhyolite 
Bayfield granite 
G~ 
P~ ri Pyri granite. adamelhte. minor granodiorite and dacite 
adamellite and granodiorite 
erpentinite. minor gabbro and pyroxenite 
quartz greywacke. mudstone and rare chert 
mudstone. quartz greywackc and pale gre_ chert 
H 
'\, 
red. green and white chert mudstone. limestone and arenite 
quartt.-mica schist. schi t. phillite. hornfels. gneiss and amphibolite 
I 
Figure 2 1 Geolog) of the Port linton I : 250 000 sheet. (after Murray 1975 ) 
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Figure 22 . SoiL of the Port Clinton area, Queensland. Digitised from 1:2 000 000 
mapsheet. (after Ishcll ct al. I 967) 
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Figure 23. Veg tation image derived from Land at 2 data. Tbis image bas been 
exten ·ivel gr und trutb d to cbeck reliability. ( Tun tall, B.R., CSIR Division of 
Water R ur e , Canberra. UNPUBLI HED ) 
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Figure 24. Clas ified vegetation image with grid uperimpo ed for referen e purpo e in 
the Di cu ' ion ection of the text. ( after Tun tall, B .R., CSIRO Di vision of Water 
Re ource , Canberra. UNPUBLISHED) 
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Figure 25 . Cl ified vegetation image from Land at 2 data with radiometri patial 
boundaries uperimpo ed. Note the agreement in spatial patterns from the two completely 
independant data ource . 
(l_ 
0 ~ 0 (D 
{> 
• 
0 
Figure 26. Col ured image of mapped oils unit ( after I bell et al. , 1967 ) with 
radiometric patial boundaries overlayed. Large differences between the two data ets on 
the northern coa t are mainly the re ult of the radiometric data being gathered at low tide. 
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Figure 27. Coloured ra ter of the 19 class radioelement clas ification with radiometric 
palial boundarie uperimp ed. Both the ra ter and the boundaries are derived from the 
ame four radioelement images ( total count, eU, eTh and %K) by differing 
methodologies. 
Figure 28 . Digital elevation model of the Shoalwater Bay Training Area ( major part of 
the Port Clinton 1 :250 000 g ological map beet ) with radiometric spatial boundaries 
overlayed. The lighter colour in the elevation model indicate area of higher relief, 
except at the coa t where it indicate are of relief equal to that of ea level. The digital 
elevation model was produced by NRIC ( National Resource Infonnation Centre, 
Canb rra ). 
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Figure 29. Geology map of Lhe Shoal water Bay Training Area ( part of tbe Port Clinton 
1 :250 0 0 map beet ) witb the radiometric patial boundaries overlayed. 
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Table 1. 
Table 2. 
Table 3. 
Table 4. 
Table 5. 
TABLES 
Listing of common radioactive minerals. 
Radioelement raw data values of minima and maxima. 
Regression coefficients and scaling offsets. 
Summary of class statistics for the classified image. 
Classified image class means converted back to raw values. 
Potassium Mineral I. Orthoclase and microline feldspars 
2. Muscovite 
3. Alunite 
4. Sylvite, carnallite 
Occurrence I. Acid igneous rocks and pegmatites 
2. Same 
3. Alteration in acid volcanics 
- .. ~ - 4. Saline deposits in sediments -
Thorium Mineral I. Monazite (ThO2 + rare earth phosphate) 
2. Thorianite 
3. Thorite, uranothorite 
Occurrence I. Granites, pegmatites, gneiss 
2. & 3. Granites, pegmatites, placers 
Uranium Mineral I. Uranite 
2. Carnotite 
3. Gummite ( uranite alteration) 
Occurrence I. Granites, pegmatites and with vein deposits 
2. Sandstones 
3. Associated with uranite 
Table 1. Listing of common radioactive minerals. ( after Telford et al.,1976) 
Data 
Minimum 
Total Count 
-80 
eU 
-9.7 
eTh 
-6.1 
K 
-15.34 
Image 
0 
Data 
Maximum 
1254.23 34.85 40.5 149.47 
Table 2. Radioelement raw data values of minima and maxima. The minimum was 
scaled to O and the maximum to 254 by the image system when imported. 
Radioelement Regression coefficient Scaling offs 
Total count 0.2046 27.601 
eU 1.007 65.455 
eTh 0.3275 45.542 
K 0.1659 19 .156 
Table 3. Regression coefficients and scaling offsets derived from crossplotting a 
channel against it's reference background. 
25 
et 
Value 
4 
-
Mea n Std. Dev. Mean Std . Dev. 
class l 34 .0l 7.92 tc class l l 85.73 13.21 
112. 16 6.9 U 130.25 9.52 
41.7 l 9.77 Th 135.73 . 14 
37 . l 3 6 .42 K 52.62 14.34 
class 2 44.78 5.82 class 12 10 1.14 7.29 
112.8 l 10.38 132.48 ~ 3. 17 
65.66 9.84 127. 77 9 .1 
38.05 6.77 87 .7 8.66 
class 3 31 . l 3.73 class 13 109.78 7.34 
124.5 5.27 149.98 10.6 l 
40.8 l 6.03 146.93 8.83 
28.33 4.61 83.47 7.52 
class 4 54.96 4.74 class 14 125.4 l 16.13 
112.06 5.97 113.91 6.72 
71 .86 7.12 149.66 17 . 72 
51 .02 5 120.48 17 . 18 
c lass 5 73.38 16.68 class 15 122.26 8. l l 
162.3 l 11.39 144 .58 10.66 
97.03 16.22 126.88 l l .63 
58 .53 11 .24 11 6.57 l l . l l 
c lass 6 83.92 8.29 class 16 88. l l 6.38 
135.73 l l . 15 134 .54 l 0.0 l 
l l l .39 9.32 95.7 l 6. 46 
68.97 10.25 86.49 6.54 
class 7 67.6 l 5.17 class 17 100.55 7.51 
114.55 4 .48 129.95 6.75 
97 .87 7.58 105.8 10.43 
56.72 6 .56 l 03.98 i0.72 
class 8 74. 32 6.3 class 18 139.96 14.4 
125.82 6 .34 156.22 14.37 
9 1.28 9 .76 15 l. 71 20.25 
69.06 6 .9 11 7 .54 21.94 
class 9 58.14 4 .57 class 19 124.79 7.59 
125.22 7.05 14 1.1 2 6 .41 
92 7.66 197.59 l l . 16 
41.3 7.89 64.85 4.68 
c lass 10 67.6 5.49 
130.78 5 .97 
98.44 8.08 
53.52 6.49 
Tobie 4. Summary of class stat ist ics fo r the c lassified image. 
Class Number Total Count Uranium Thorium Potassium 
~ - :. -
1 98 9.4 1.4 
2 154 9.5 5.7 
3 83 11.5 1.3 
4 207 9.4 6.8 
5 304 17.9 11.4 
6 359 13.4 14 
7 274 9.8 11.5 
8 309 11.7 10.3 
9 224 11.6 10.5 
10 274 12.5 11.6 
11 368 12.4 18.3 
12 449 12.8 16.9 
13 594 15.8 20.4 
14 576 9.7 20.8 
15 559 14.9 16.7 
16 381 13.2 11.1 
17 446 12.4 12.9 
18 652 16.9 21.2 
19 573 14.3 29.5 
Table 5. Class means for the classified image converted back to raw values and not 
image system values. This table is a conversion of table 4 without the standard 
deviations. The standard deviations can be converted in table 4 by performing the 
following operations: (total count X 5.23), (UX 0.17), (ThX 0.18), (KX 0.65). 
8.8 
9.4 
3.1 
17.8 
22.7 
29.5 
21.5 
29.6 
11.5 
19.5 
18.9 
41.7 
38.9 
63 
60.4 
40.9 
52.3 
61.1 
26.8 
